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(54) Diverse collections of oligomers in use to prepare drugs, diagnostic reagents, pestlddes or 
herbicides 

(57) The invention provides a process tor preparing 
a new pharmaceutical drug or diagnostic reagent, which 
includes the step of screening against a ligarxJ or recep- 
tor a library of different synthetic compounds, which 
compounds are obtainable by synthesis in a component 
by component fashion which links each compound to 
one or more kientifier tags which enable subsequent 
klentifkation of reactions through which saki compo- 
nents were incorporated and consequent deductive 
structural identificatkm of saki members. The same 
basic process can t>e used to provkJe new pestickies or 
herbicides. 
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,0 BACKGROUND OF THE INVENTION 

terns. Structure^cBvity relationships are importent n ^e^ack systems. Certain macromolecules are 

SS, cells communicate with each o^^^' f^Jfa^^^J'^S S 

kna«i to interact and bind to other "'^^^J'^^'"^ ^^^^^^^ whether the molecule is an enzyme cat- 

"^'^ are availat^e tor measuring the hindino a«lnity ^.S^'^ ^aSiS 
^ canleoa^^^- ^--^^^^^ ~ ot molecUar structure. 

Small peptides are an exemplary syste'".^;^'^^^ when Se twenty naturally occurring amino acKte are corv 
peptide is a polymer composed of amino aad "^"°'^ft,'^a^de ^^^^^ configurations^a* 
ItL into polymeric molecules, the ^jSSSer^TnSJ, T^e L,*er of possit^e PentapepMes^^e^ 
resulting from a particular am.no acKl ^^^^^^^Zr^ different peptides. The likelihood that molecule oftt^ 
naturally occurring amino acWs-Jo^ ^0 ^^"^^^^^ studies showing that some antlMd.^ 

size might be useful in receptor-b.nd.ng slud.es ^ .\"PP°V^^ Furthermore, the average molecular we.ght of 

size more than a few peptide sequences in a day. orooosed the use of a series of reaction vessels 

, rfclenl ».riay 01 polyp««M~ »»*^ SSSd n»t«d isd^«)ed«PCTpMe» p,Mc*o.. No 
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of sequences which can be economically synthesized and screened. 

Others have developed recombinant methods for preparing collections of oligomers. See PCT patent publication 
Nos. 91/17271 and 91/19818. 

fn another important development, scientists combined the techniques of photolithography, chemistry, and biology 
5 to create large collections of oligomers and other compounds on the surface of a substrate. See US: Patent No, 
5, 143,854 and PCT patent publication Nos. 90/15070 and 92/10092 

In the recombinant and VLSIPS^** combinatorial methods, one can uniquely iderrtify each oligomer in the library by 
determining the coding sequences in the recombinant organism or phage or by the location of the oligomer on the 
VLSIPS^^ chip. In other methods, however, the identity of a particular oligomer may be difficult to ascertain. What is 
10 needed in these latter methods is an efficierrt and sinrple-to-use method for tagging each particle. Although tagging 
methods have been developed for large objects, see PCT patent publication Nos. 90/14441 and 87/06383, such meth- 
ods are still needed for combinatorial libraries of oligomers. 

From the above, one can recognize that inrproved methods for synthesizing a diverse collection of chenrtical 
sequences would be t>en6ficial so as to permit drug, diagnostic reagent, pesticide or herbicide discovery using the 
15 resulting diverse collections. 

SUMMARY OF THE INVENTION 

The invention provides a process for preparing a new pharmaceutical drug or diagnostic reagent, which includes 
20 the step of screening against a iigand or receptor a library of different synthetic corrpounds. which compounds are 
obtainat)le by synthesis in a component by component fashion which links each compound to one or more identifier 
tags which enable subsequent iderttif ication of reactions through which said components were incorporated and con- 
sequent deductive structural identification of said members. 

In another aspect, the invention provides a process for preparing a new pharmaceutical drug or diagnostic reagent, 
25 which includes the step of screening against a Iigand or receptor a tagged synthetic oligomer library produced by syn- 
thesizing on each of a plurality of solid supports a single oligomer sequence and one or more identifier tags identifying 
said oligomer sequence, said oligomer sequence and identifier tags synthesized in a process comprising the steps of: 

(a) apportioning said supp>orts among a plurality of reaction vessels; 
30 (b) exposing said supports in each reaction vessel to a first oligomer nronomer arxi to a first identifier tag; 

(c) pooling said supports; 

(d) apportioning said supports among a plurality of reaction vessels; 

(e) exposing said supports to a second oligomer monomer and to a secorKl identifier tag monomer; an6 

(f) repeating steps (a) through (e) from at least one to twenty times. 

35 

Yet a further aspect is the use of a solid support in pharmaceutical drug or diagnostic reagent identification, said 
solid support comprising a first particle attached to a second particle, said first particle linked to an oligomer and said 
second particle linked to an oligonucleotide identifier tag, and wherein said oligomer is other than an oligonucleotide. 

Another aspect is a process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the 
40 step of screening against a Iigand or receptor an oligomer library which is obtainable by a process comprising: 

In yet further aspects, the irwerrtion provides processes or a use as above but modified such that the purpose is to 
produce a pesticide or herbicide. 

The present invention utilises a general stochastic method for synthesizing libraries of random oligomers. The ran- 
dom oligomers are synthesized on solid supports, or particles, but may be cleaved from these supports to provide a sol- 
45 ubie library. The oligomers are composed of a sequence of monomers, the monomers being any member of the set of 
molecules that can be joined together to form an oligomer or polymer, i.e.. amino acids, cariaamates, sulfbnes, sulfox- 
ides, nucleosides, cartx>hydrates. ureas, phosphpnates, lipids, esters, combinations of the same, and tiie like. The 
library is then screened to isolate individual oligomers that bind to a receptor or possess some desired property. Each 
oligomer sequence in the library is unk|ue. in a preferred errdxxiiment. In another preferred embodiment, the solid sup- 
so ports are nonporous beads. The solid supports may be composed of a single particle, or two or more linked particles. 

The invention involves the use of an identifier tag to identify the sequence of monomers in the oligomer. The iden- 
tifier tag. which may be attached directly to the oligomer with or without an accompanying particle, to a linker attached 
to the oligomer, to the solid support upon which the oligomer is synthesized, or to a second particle attached to the oli- 
gomer-can-ying particle, may be any recognizat>le feature tiiat in some way carries the required information, and that is 
55 decipherable at the level of one or a few solid supports. The solid supports may be joined to the oligomers and the iden- 
tifier tag by means of one or more linker molecules. 

In a preferred embodiment, the identifier tag will be an oligonucleotide, preferably composed of pyrimidines or pyri- 
midines and purine analogs or any type off nucleoside that will not degrade under the coupling conditions used to 
assemble the oligomer library. TTie oligonucleotide identifier tag may contain a 5' arxi a 3* amplifk:ation site, to allow 
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4 683 202' and 4,965,188. 

oteotide sequence, ^r^^^^ !S M *> 100 nucleotides in lengm. ^ P^^^"^^!^,-,ght-addres8able compounds. 
The oligonucleotide tag wi" be about 50 ro conposed of a set of ''9^^ incorporated into 

the beads or particles on wniu 
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BRIEF DESCWPTiuiM ur . n.. « oartides 

nucleotide attachment to a oeaa. &uw=»^ 

Fi;.5i.lustralesnuc.eosKlephospho,an,drt nucleoside derivatives lor parallel peptide/o«- 

--hlSr^-eparaUon.a^u^^ 

*.n«rallelassen*lyofolioonudeotide-taggedp^tides^^ 
Fig. 8 illustrates the parallel ass^ y ^eriment described in E^amp^ . invention. 

Fig. 9 showsasdien^tic represer^^on^^^ ^^^.^ ^ "'^'^lUdSSbed in Exanple 5. Val- 
gome^ on beads areprepa.ed.jgg^.r^2^^ 

Fig. 10 shows r^^t-^f^^S^Se fluorescence (log sc^^^ 
uas along the horizontal axis . .^^ ^eads are represented by pea^ /v riw 

Tn^Tof beads. Non^^e^e^vj^^^^^ 

resented by peak B. The ratio of the ^rger P irradiated agarose gels crt i^n P ^^^s. as 

Firil sha^p-«^^«^"***^**'"'"T^^ °» * ^r„rf 2 4xTo« copies (100 bead 

,icaS after FACS i^^^^^^S^'r ^ut vTsorted f luore^^ 
described in Examples. Gel Ashwsww ^^l^^^gscentbeacte.^^ 

tSSerits)of95mertag lanes2-7~PC^^ 1.2x10^ copies 

fluorescent beads, lanes 11-13 - P^"'?*rrL «,e result with sorted '»"-''"°^®®°^,VpCR orodud from ten non- 
'SSvalent^) ' ^° °^.1^£^von-i^escer^ beads: '^^f^^^^.^^^^A ~ 2.4x10« copies 

, ^m^erlag-.^-2J-PJ".P^ctp?S 

fluorescent beads; lan^-13 riulS with the control reactions: lanes 1 .12 DNA s j^,grts of soliWe 95 

of95mertag.GelC^*.V?^?^uivalent 

control react.or«: lan^^ J,uiSertof soltWe 1 10 r«er teg; and lanes 10. i 
mer tag: lanes 9.9--^ 



mer tag: lanes 8. 9 
45 mer tag 
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nudeotides are. generally. A and T (or A and U). and C and G. as is well known to those of skill in the art. Iwo single 
stranded RNA or DNA molecules are said to be "substantially complementary" when the nucleotides of one strand, opti- 
mally aligned, pair with at least atx>ut 80% of the nudeotides of the other strand. 

Alternatively, substantial complementarrty exists when an RNA or DNA strand will hybrkJtze under selective hybrid- 

5 ization conditions to a complementary nucleic acid. Typically, selective hyt)ridization will occur when there is at least 
about 55% complementarity over a stretch of at least 14 to 25 nucleotides, but nx>re selective hybridization will occur 
as complementarrty increases to 65%. 75%. 90%. and 100%. See Kanehisa, Nudeic Acids Res. 12:203 (1984) 

Stringent hybridization conditions will typically include salt concentrations of less than about 1 M. such as less than 
500 mM. and will often include salt concentrations of less than 200 mM. The hybridization temperature for oligomers 

10 will typically be greater than 22*^0. such as greater than about 30*'C. and will often be In excess of about 37^C. Longer 
fragments may require higher hybridization temperatures for specifk; hybridization. As other factors may dramatically 
affect the stringency of hybridization (such factors indude t)ase composition, length of the complementary strands, 
presence of organic solvents, and extent of base mismatching), the combination of factors is more important than the 
at)solute measure of any one factor atone. 

75 Epitope : The portion of an antigen molecule delineated by the area of interaction with the subclass of receptors 
known as antibodies is an ''epitope.'* 

Identifier tag : An "identifier tag" is a physical attribute that provides a means whereby one can identify which mon- 
omer reactions an individual solid support has experienced in the synthesis of an oligomer. The identifier tag also 
records the step in the synthesis series in which the solid support visited that monomer reaction. The identifier tag may 

20 be any recognizable feature, induding for exanrple: a microscopically distinguishat)le shape, size, color, optical density, 
etc.; a differential absortiance or emission of light; chemically reactivity; magnetic or electronic eiKxxled information; or 
any other distinctive mark with the required information, and dedpherable at the level of one (or a few) solid support(s). 
A preferred example off such an identifier tag is an oligonudeotide sequence. An "identifier tag" can be coupled directly 
to the oligomer synthesized, whether or not a solid support is used in the synthesis. In thin latter embodiment, the iden- 

25 tifier tag serves as the "support" for oligomer synthesis. 

Lioand : A "ligand" is a molecule that is recognized by a partteular receptor The agent kx>und by or reacting with a 
receptor is called a "ligand", a term which is def Initionally meaningful only in terms of its counterpart receptor. The term 
"ligand" does not imply any particular molecular size or other structural or compositional feature other than that the sub- 
stance in question is capable of binding or otherwise interacting with the receptor. Also, a "ligarxj** may serve either as 

30 the natural ligand to which the receptor birKis, or as a functional analogue that may act as an agonist or antagonist. Lig- 
ands that can be investigated by this invention include, but are not restricted to. agonists and antagonists for cell mem- 
brane receptors, toxins arxJ venoms, viral epitopes, hormones, sugars, cofactors, peptides, enzyme substrates, drugs 
(e.g., opiates, steroids, etc.), and proteins. 

Monomer : A "monomer is any member of the set of mdecules which can be joined together to form an oligomer 

35 or polymer. The set of monomers useful in the present invention includes, but is not restricted to, for the example of pep- 
tide synthesis, the set of L-amino acids, D-amino adds, or synthetic amino adds. As used herein, "monomer" refers to 
any member of a basis set for synthesis of an oligomer. For example, dimers of L-amino acids form a basis set of 400 
"monomers" for synthesis of polypeptides. Different basis sets of monomers may be used at successive steps in the 
synthesis of a polymer. 

40 Oli gomer or Polymer : The "oligomer" or "polymer" sequences of the present invention are formed from the chemi- 
cal or enzymatic addition of monomer sutxjntts. Such oligomers indude. for example, both linear, cyclic, and branched 
polymers of nudeic acids, polysaccharides, phospholipids, and peptides having either alpha-, beta-, or omega-anrdno 
acids, heteropolymers, polyurethanes. polyesters, polycartxxiates. polyureas, polyamides. polyethyleneimines, pol- 
yarylene sulfides, polysiloxanes. polyimides, polyacetates. or other polymers, as will be readily apparent to one skilled 

45 in the art upon review of this disdosure. 

Peptide : A "peptide" is an digomer in which the monomers are alpha amino adds jdned together through amide 
t>onds. Alternatively, a "peptide" can be refen^ed to as a "polypeptkte." In the context of this specifk^ation. one shouM 
appredate that the amino adds may be the L-optical isomer or the D-optical isomer. Peptides are more than two amino 
acid monomers long, but more often are more than 10 amino add monomers long and can be even longer than 20 

50 amino acids, although peptides longer than 20 amino ackis are more likely to t>e called "polypeptides." Standard single 
letter atibreviations for amino acids are used (e.g., P for proline). 

Oligonucleotides : An "oligonudeotide" is a single-stranded DNA or RNA molecule, typically prepared by synthetk; 
means. Those oligonucleotides employed in the present invention will usually be 50 to 150 nucleotides in length, pref- 
erably from 80 to 120 nudeotides. although oligonucleotides of different length may be appropriate in some circum- 

55 stances. For instance, in one emtxxliment of the invention, the oligonudeotkje tag and the pdymer kJentif ied by that tag 
are synthesized in parallel. In this embodiment, the oligonucleotide tag can be built nudeotkie-by-nudeotide in coordi- 
nation with the monomer-by -monomer addition steps used to synthesize the oligomer. In addition, very short, i.e., 2 to 
10 nudeotKles. oligonudeotides may be used to extend an existing oligonudeotide tag to identify a monomer coupling 
step. Suitable oligonudeotides may be prepared by the phosphoramidite method descrit>ed t>y Beaucage and Carru- 



5 



EP 0 773 227 A1 



20 



25 



^^s Tetr ten. aa.859-1862 (1981). or by ^'^i;;;^^^:^^^ 

31M (iS^)^by other methods such as by using ^^'"^If^^ctional relationship with anolher nudeK; 

AS the temi "receptor" is used heran. "^^^""^^^J^ to form a conplex. 

gLg. ^.ntemrecePto_s : Determinaton of ''9^"**^''™;^^ discovering new classes or types of arttort«- 

'^^aSl in ^cterial. yeast or other living hosts. 

I uirmrnH fff f P^"^' ininii 1 nriT" s,«Tthrtir Olkinniflr libraries ^ 
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port. When bound to a solid support, the oligomer is usually attached by means of a linker. The linker, prior to attach- 
ment, has an appropriate functional group at each end, one group appropriate for attachment to the support and the 
other group appropriate fbr attachment to the oligomer. Such a collection may contain, for example, all combinations of 
n monomers assembled into X length oligomers yielding, n^ different compounds. The collection may also contain oli- 

5 gomers having different monomer units at. for example, only one or a small number of positions, while having an iden- 
tical sequence at all other positions. The general method typically involves synthesizing the oligomers in a random 
combinatorial ("stochastic'^ fashion by chemical and/or enzymatic assembly of monomer units. 

A synthetic oligomer library may be produced by synthesizing on each of a plurality of solid supports a single oli- 
gomer sequence, the oligomer sequence being different fbr different solid supports. The oligomer sequence is synthe- 

10 sized in a process comprising the steps of: (a) apportioning the supports in a stochastic manner anrK>ng a plurality of 
reactk)n vessels; (b) exposing the supports in each reaction vessel to a first monomer: (c) pooling the supports; (d) 
apportioning the supports in a stochastic manner among the plurality of reaction vessels; (e) exposing the supports in 
each reaction vessel to a second monomer; and (f) repeating steps (a) through (e) from at least one to twenty times. 
Typically, substantially equal numbers of solid supports will be apportioned to each reaction vessel. The monomers may 

IS be chosen from the set of anrvno acids, and the resulting oligomer is a peptide. 

As a specific example of the method, one may consider the synthesis of peptides three residues in length, assem- 
bled from a monomer set of three different monomers: A, B, and C. The first monomer is coupled to three different aliq- 
uots of beads, each different monomer in a different aliquot, and the beads from all the reactions are tiien pooled (see 
Fig. 1 ). The pool now contains approximately equal numbers of three different types solid sup>ports. with each type char- 

20 acterized by the monomer in the first residue position. The pool is mixed and redistritxjted to tiie separate monomer 
reaction tubes or vessels containing A. B. or C as the nx>nomer. The second residue is coupled. 

Following this reaction, each tube now has beads with three different monomers in position one and the monomer 
contained in each particular second reaction tube in position 2. All reactions are pooled again, producing a mixture of 
beads each l^earing one of the nine possible dinners. The pool is again distributed among the three reaction vessels. 

25 coupled, and pooled. This process of sequential synthesis and nruxing yields beads that have passed through all the 
possible reaction pathways, and flie collection of beads displays all trimers of three amino acids (3^ 27). Thus, a com- 
plete set of the trimers of A, B. and C is constructed. As can be readily appreciated, the use of a sufficientiy large 
number of synthesis beads helps to ensure that the set completely represents the various combinations of monomers 
employed in this rarKlom, combinatorial synthesis scheme. 

30 This method of assemtjiing oligomers from many types of monomers requires using tiie appropriate coupling 
chemistry for a given set of monomer units or fcxjikiing blocks. Any set of txiilding t)locks that can be attached to one 
another in a step-by-step fashion can serve as the monomer set. The attachment may be mediated by chemical, enzy- 
matic, or ottier means, or by a comt>ination of any of these means. The resulting oligomers can be linear, cyclic, 
branched, or assume various other conformations as will be apparent to those skilled in the art. Techniques fbr solid 

3S state synthesis of polypeptides are described, fbr example, in Menrifield. supca- Peptide coupling chemistry is also 
desaO^ed in The Peptides. Vol. 1 (eds. Gross, E., and J. Meienhofer, Academic Press. Orlando (1979)) 

To synthesize the oligomers, a collection of a large number of the solid supports is apportioned among a number 
of reaction vessels. In each reaction, a different monomer is coupled to the growing oligomer chain. The monomers may 
be of any type that can be appropriately activated fbr chemical coupling or accepted for enzymatic coupling. Because 

40 the reactions may be contained in separate reaction vessels, even monomers with different coupling chemistries can 
be used to assemt>ie the oligomers (see The Peptides, supra) . The coupling time for some of the monomer sets may 
be long. Fbr this reason, ttie preferred arrangement is one in which the nx>nomer reactions are earned out in parallel. 
After each coupling step, the solid supports on which are synthesized the oligomers of the library are pooled and mixed 
prior to re-allocation to the individual vessels fbr the next coupling step. This shuffling process produces solid supports 

45 with many oligomer sequence combinations. If each syntiiesis step has high coupling efficiency, then substantially all 
the oligomers on a single solid support have the same sequence. That sequence is determined by the synthesis path- 
way (type and sequence of monomer reactions) fbr any given solid support at the erd of the syntiiesis. The maximum 
length of the oligomers is typically less than atxnrt 20. usually from 3 to 8 residues in length, but in some cases a length 
of 10 to 12 residues is preferred. Protective groups known to those skilled in the art may be used to prevent spurious 

so coupling (see The Peptides. Vol. 3 (eds. Gross, E., and J. Meienhofer, Academic Press, Oriando (1981) 

Modifications of this completely random approach are also possible. For example, the monomer set may be 
expanded or contracted from step to step; or the monomer set coukJ be changed completely for the next step (e.g., 
amino acids in one step, nucleosides in another step, cartx)hydrates in another step), if the coupling chemistry were 
available (see Gait. Olioonudeotide Synthesis: A Practical Approach. IRL Press, Oxford (1984); Friesen and Danishef- 

55 sky, J. Amer. Chem. Soc . 111:6656 (1989); and Paulsen, Anaew. Chem. Int. Ed. End. 25:212 (1986) 

Monomer Units for peptide synthesis, fbr example, may include single amino acids or larger peptide units, or botii. One 
variation is to form several pools of various sequences on solid supports to be distrit)uted among different monomer 
sets at certain steps of the synthesis. By this approach, one can also build oligomers of different lengtiis with either 
related or unrelated sequences, and one can fix certain monomer residues at some positions while varying the other 
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Snen? to the identifier tag. AHernat^ely. J^^-^^T ' J^-^ to the solid support. In the latter embodiment the 

»«,.rhori directly to the same linker that binds tne «igomw „„-rf,ment ot the identifier tag. 
^r.^lSS ZSa^r^ . third tunctiona. fj^-^^t^^^Cy'^ - °* ^ ^""^'V. 
^TJ^^^S^ library that incorporates '^f '^^^s ^j^S^ i^eJiifying the oligomer sequencejhe 

■me solid supports can be exposed to (or ^fJTl^^ ^ exposed to the secorri o'-son^l -"O™^' *™ 
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described herein primarily with regard to the preparation of molecules containing sequences of amino acids, but the 
invention can readily be applied to the preparation of other oligomers and to any set of compounds that can be synthe- 
sized in a component-by-component fashion, as can be appreciated by those skilled in the art 

In another embodiment, the same solid stpport is used for synthesizing all members of the library, but the members 
are cleaved from the support prior to screening. In this embodiment, synthesis of tagged oligomers may be accom- 
plished utilizing very large scale immobilized polymer synthesis (VLSIPS^O techniques. See U.S. Patent No. 5.143,854 
and PCT patent publication No. 92/10092, each of which is incorporated herein by reference. An array of oligonucle- 
otides is synthesized on the VLSIPS^^ chip, each oligonucleotide linked to the chip by a cleavable group such as a 
disulfide. In one embodiment, each oligonucleotide tag has an amine group at the free end and only contains pyrimidine 
or pyrimidine and purine analog bases. In addition each oligonucleotide contains binding sites for amplification, i.e.. 
PGR primer sites and optk>nally a sequencing primer sita A short section of each oligonucleotide uniquely codes the 
monomer sequence of the oligomer to be tagged. Then, eg., peptides are synthesized, optionally from tiie free terminal 
amine groups on each oligonucleotide, so that each peptide is linked to a tag. The whole collection of oligonucleotide- 
peptide may be released from the chip to create a soluble tagged oligomer library 

More preferably, however, the oligomer library is constructed on beads or particles. One method of bead function- 
alization, with compatible chemistries for peptide synthesis and round by round attachment of oligonucleotide identifier 
tags, is shown in Figs. 3.1 -3.6. Glass beads are derivatized using aminopropyttriethoxysilane and a beta-alanine spacer 
group is coupled using activated ester methodology The oligonucleotide tags may optionally incorporate a biotin group 
to facilitate purification, hybridization, amplification, or detection (see Pierce ImmunoTechnology Catalog and Hand- 
book. 1991 Commercially available Fmoc protected amino acids and standard BOP coupling chemistry is employed for 
peptide synthesis (see The Peptides, supra) . Protected polypyrimidine (e.g., cytidine protected as N^-Bz-C) and/or 
purine analog containing oligonucleotides resistant to the coupling and deprotection reagents used in peptide synttiesis 
are attached using maleimide chemistry to unmasked thiol groups incorporated irrto growing peptide chains at low fre- 
quency (i.e.. 0.1%) as cysteine residues with masked thiol groups (which masks may be selectively removed prior to 
tagging). In other embodiments of the invention, one may not need to use protected nucleosides or oligonucleotides. 

However, to maintain the integrity of an oligonucleotide tag during peptide synthesis, one may need to use different 
combinations of protecting groups and/or synthetic nucleotides to avoid degradation of the tag or tiie oligomer synthe- 
sized. In general, polypyrimidine oligonucleotide tags are relatively stable under typical peptide synthesis conditions, as 
opposed to oligonucleotide tags that contain natural purine nucleotides, but a polypyrimidine nucleotide tag may be 
somewhat refractory to amplification by PCR. One may need to incorporate purine bases, or analogs tested for ability 
to withstarxJ peptide coupling (and deprotection) conditions, into the tag to acheive a desired efficiency of amplification. 
For purposes of tiie present invention, the tag optionally may contain from 10 to 90%. more preferably 35 to 50%, and 
most preferably 33 to 35%. purine or purine analog nucleotides. The oligonucleotides optionally may contain phosphate 
protecting groups (e.g.. O-methyt phosphates) with greater base stability than the standard beta-cyanoethyl group, 
which may be susceptible to piperidine deavage. In such cases, peptide and oligonudeotkie deprotectk>n can be 
effected by sequential featment with thiophenol. ti-rf luoroacetic acid, and ettianolk: ethylenediamine at 55 ^'C In another 
emtxxJiment. photolabile atpha-amino protecting groups are used in conjunction with base-labile skfe chain protecting 
groups for the amino acids, and standard beta-cyanoethyl protecting groups are used for tiie oligonucleotide tags. 

In another emtxxjiment, oligonudeotides containing both modified or synthetic purines and pyrimidines may be 
synthesized in parallel with peptides using conventional Fmoc/^Bu protected amino acids. In this method, one can also 
use O-allyl and N-allyioxycarlDonyl groups to provide protection for phosphate oxygens and the exocyclic amines of the 
nudeoside bases, respectively (see Hayakawa et ai . J- Amer. Chem . Soc. 112 : 1691-1696 (1990) employing the mild 
oxidant ^BuOOH for oxidation at the phosphorous, one can minimize oxidation of the amino acids methionine, tryp- 
tophan, and histidine (see Hayakawa el al-. J&- Left . 27:4191-4194 (1986) Use of pyridinium hydrochloride/imidazole 
as a phosphporamidite activator leads to selective 5'-0-phosphitylation at the expense of kw levels of spurkHJS reaction 
at nitrogen on the peptide or oligonudeotide (see Gryaznov and Letsinger. Nudeic Acids Research 2Q: 1879-1882 
(1992) The lability of purine nudeotides to strong add (e.g., TFA) is avoided by use of phosphoramidites of the purine 
nudeoside analogs 7-deaza-2'-deoxyader)osine and 7-deaza-2*<leoxyguanpsine (see Barr et al-. BioTechniQues 
4:428-432 (1988). and Scheit. Nudeotide An alogs: Synthesis and Biolooical Function dp. 64-65 (John Wiley and Sons. 
New York) 

The fully assemt)led peptide and oligonucleotide chains may be deprotected by first treating the products with 30% 
piperidine in DMF to remove amino-terminal Fmoc groups. Then, the allylic protecting groups are removed using THF 
containing tris (dibenzylideneacetone) dipalladium-chloroform complex, triphenylphosphine. and n-l3utylamine/formic 
acid, followed by a THF wash, an aqueous sodium N.N-diethyWithiocartjamate wash, and a water wash. Finally, the 
acid-labile amino acid protecting groups are removed by t'eatment with 95:5 TFAAwater. 

Other methods also provide effective orthogonal protection during the parallel assemt)ly of oligonucleotides and 
peptides. These methods include use of acid-labile protecting groups on phosphates and exocydic amines of deoxycy- 
tidine. 7-deaza-deoxyadenosine, and 7-deaza-deoxyguano6ine suff icientiy robust to resist the 3% trichloroacetic acid 
used in 5*-0-detritylation; use of photochemically removable protecting groiq^s on these residues; arxi combinations of 
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such acid and photolabile groups (for phololabile protectirnj groups far phosphate, see Baldwin gt M-. 3fitt. Lfitt. 4£: 
6879-6884 (1990) see also figure 5). 

I" lTlfintifYirnitt"'-'^'"»«^a°' any Oligomer 

The present invention provides a method for identifying the corrposition and sequence ^"^^ ^^^^^T^'", 
the library By tracking the synthesis pathway that each oligomer has taken, one can deduce the sequence <rf mono 
m^SyoCme^ThemL,odin^^linld^ 

a,^ corresponding step numbers that define each oligomer in the library. After a series of synthesis steps (and concur- 
fem «eS^g LdS.ns). one "reads' the identHier tag(s) associated with an oligomer to detem^ne the sequence of 

that f^'^^ ^^^^ microscopically recognizable, alphanumeric tags ^^^^^^^^^^^.^^L:^'' 

means that the bead participated in the A-monomer reaction at step 1 , "C2" means that the bead Paf^palKl inthe C- 
^o^eaS at ^ep 2 and "B3- means B-monomer was added in step 3. and so on. At the end of the 3-st^ syn- 
t^fe^e bSd would ^e three tags attached, e.g.. A1. C2. and 83, indicating that the ^fq"^'^*^*^,^^^^, 
thfSad is ACB This scheme requires a number of distinct identifier tags equal to at most the produrt ofthe number 
oTdB^rt nSomers and the number of synthesis steps (nine in this example). The number of rientfier tags is 
TedtSSTth^Ste are attached to one an'Ier in the order o. the «teps A A-C. A-C-B. «;.s c«se on^ as ma y 
identifier tags are needed as monomers. One builds the identHier tag in much the same way as the peptides, so as to 
preserve a record of what was monomer was added, and in wWch addWon step. 

?he identifier tags therefore Wentify each monomer reaction that an individua "brary m^r or ^ ^j^J 
exoerienced and record the step in the synthesis series in which each monomer is added. The tags inay be attartied 
S^e^before^lg. or ^er the rrinomer addition reaction, asconvenienta^ 
EteamLles of attachmem. and chemistry of oligomer synthesis. The identifier teg IS a«^ 
Sat hav; undergone a specific monomer addition step are physically together and so can be tagged as a group. i.e.. 

'"''°\n^^Tc^Z. when only asmall number of monomer units of an oligomer are varied, one may need to 
identify only those monomers which vary among the oligomers, as when one wants to vary only a « 
pitide Z instance, one might wart to change only 3 to 6 amino acWs in peptides 6 to 12 ammo acKls 'ong- o"^ 
StW^ change as few as 5 amino acids in polypeptides up to 50 amino acids long. One may ^'^^^y;^^^J'.^^ 
SJSr<?«ich peptide by providing for each solid support an idertHier tag specifying only the amjno acids vaned n 
^h^uenS as^ll be reilily apjecialed by those skilled in the art. In such cases, all soiri supports may remain 
^SL^rr^c^on v^el for th'e^ition of ^mon monomer units and apportioned among differert reaction ves- 
«;els for the addition of distinguishing monomer units. « 

S^elde^er tag can be assocLed wKh the oligomer through a ^'^^.'^.-^'f t^Jl^^T^'T-iS^^^^^^ 
linking molecule, or through a solid support upon which the oligomer is syrthesized. In *e tett« mcde^roulc^^ 
S the teg to another solid support that in turn, is bound to the solid support upon wh«h the oligomer » synthe. 
sized. 

Typy "» ""Titifier Taos 

The identifier tag may be any recognizable feature that is. for example, microscopically distinguishable in shape, 
size, cotor, optical density, etc.: differertly abso*ing or emitting of light; chemically '^^^'^-'^^^l^'^^^;;, 
encodS or in some olher way distinctively marked witti the required information, and decipherable at the leve^ o 
^eS^)som supports. In one embodimert. each bead or oti^er solid support 

f luo«.phores. or other light addressable type of molecules, the spectral Pf^ve^es wh.*can be ^l^^f^f ^T^^^ 
fore used to store inforLtion. In one such mode, a bead incorporates a variety of fluo^ophors. e^^^^L ^'^.^^^^^"^ 
selectively photobleached. and so rendered incapable of fluorescence or of ^''"'"f ^^'^''tT^S^^c^' 
pling step the bead is irradiated (or not) to photoWeach (or not) one or more particular types of fluorophors. thus record- 
ing ttie monomer identity in ttie oligomer synthesized. See Ssiencg 255: 1213 (6 Mar 1992) 

One can construct microscopically identifiable tegs as small beads of recognizably sizes^ap^ w 

cofors or labeled witti bar codes. The tegs can be "machine readable" luminescent or radioactive labels. The identif ier 
^ ca)i also be an encodable molecular structure. The information may be encoded in the size (e.g. lengtti of a pdy- 
^) or the conposition of the molecule. The best example of this latter type of tag is a nucleic acid sequence, i.e., RNA 
nr nNA assented from natural or modfied bases. . ^ . 

" '^sji^rod^rfoonucleotides are especially preferred information-bearing ^^^'^J'- ^9!.2;^o™^^^^ 
are a natural high density information storage medium The identity of monomer type and the step of addition is eas ly 
Tr^Tashttoligonudeotidesequence and attached, for exanr^. to e^^ 

bead is isolated by screening. e.g.. for receptor binding, the attached oligonucleotides can be amplified by methods 
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such as PGR (see PGR Protocols: A Guide to Methods and Applications . (Innis, M, Gelfand, D.. Sninsky. J. and Whrte. 
T. Acadennic Press, San Diego 1990) or by other nucleic acid amplification techniques, such as the ligase chain reac- 
tion and the self-sustained sequence replication system. The amplified product can be easily sequenced or othenwise 
identified to decode the identity of the peptide on the bead. For this purpose, one can use any of a variety of sequencing 

5 methods, including sequencing by sequence-specific probe hyk)ridization. 

Atternatively, the irrformation may be encoded in the length rather than, or in addition to. the sequence of the oligo- 
nucleotide. If only oligonucleotide length is utilized to represent each specific monomer addition to the oligomer, then 
the identity of the oligomer can be decoded by amplifying the oligonucleotide, as described above, and identifying the 
labels through any of a variety of size-separation techniques, including pofyacrylamide gel electrophoresis or capillary 

10 electrophoresis. 

There are several ways that oligonucleotides can be used as identifier tags. The oligonucleotides can be assem- 
t)led k>ase-by-base before, during, or after the corresponding oligomer (e.g., peptide) synthesis step. In one case of 
base-by-base synthesis, the tag for each step is a single nucleotide, or at most a very few nucleotides (i.e., 2 to 5). Tliis 
strategy preserves the order of the steps in the linear arrangement of the oligonucleotide chain grown in parallel with 

15 the oligomer. To preserve the chemical compatibility of the parallel synthetic steps (oligonucleotides and peptides, tor 
example), one can nnodify the standard synthesis chemistries. 

One variation of base-by-base assembly Is the block-by-block approach; encoded sets of nucleotides ("codons") of 
5 to 10 or more bases are added as protected, activated blocks. Each block carries the monomer-type information, and 
the order of addition represents the order of the monomer addition reaction. Alternatively, the block may encode tiie oli- 

20 gomer synthesis step number as well as the monomer-type irrformation. 

One could also attach protected (or unprotected) oligonucleotides containing amplification primer sites, monomer- 
spedfic information, and order-of-reactk>n infomnatlon, from 10 to 50 to 150 bases in length, at each step. At the end of 
a series of n oligomer synthesis steps, there would be n differently encoded sets of oligonucleotide identifier tags asso- 
ciated with each oligomer sequerx^e. After identifying the oligomers with ligand activity, the associated oligonucleotides 

25 are amplified by PGR arxi sequenced to decode the identity of the oligomer. 

V. LinMna the Identifier Taq(s) to the Oligomer 

The identifier tags may be attached to chemically reactive groups (unmasked thiols or amines, for example) on the 
30 surface of a synthesis support fu nationalized to allow synthesis of an oligomer and attachment or synthesis of the oli- 
gonucleotide identifier tag. The tags could also be attached to monomers that are incorporated into a small proportion 
of the oligomer chains; or as caps on a small number of the oligomer chains; or to reactive sites on linkers joining the 
oligomer cfiains to the solid support. 

In one embodiment, the solid supports will have chemically reactive groups that are protected using two different 
3S or "orthogonal" types off protecting groups. The solkj supports will then be exposed to a first deprotection agent or acti- 
vator, removing the first type of protecting group from, for example, the chemically reactive groups that serve as oli- 
gomer synthesis sites. After reactton with the first nfK)homer, the soiki supports will then t>e exposed to a second 
activator which renx)ves the second type of protecting group, exposing, for example, the chemically reactive groups tiiat 
serve as identifier tag attachment sites. One or tx3th of the activators may be in a solution that is contacted with the sup- 
40 ports. 

In another embodiment, the linker Joining the oligomer and the solid support may have chemically reactive groups 
protected by the second type of protecting group. After reaction with the first monomer, the solid support bearing the 
tinker and the "growing" oligomer will be exposed to a second activator which renrK>ves the second type of protecting 
group exposing the site that attaches the identifier tag directly to the linker, rattier than attachment directly to ttie solid 
45 support. 

When activators or deprotection agents are incorporated into the method of preparing a synthetic peptide library 
having a plurality of different members, each men^Der comprising a solid support attached to a different single peptide 
sequence and an oligonucleotide identifier tag identifying said peptide sequence, the method comprises: a) apportton- 
ing the solid supports among a plurality of reaction vessels; b) reacting the solid supports with a solution in each reac- 

50 tion vessel and treating sequentially witfi (1) a first activator to remove a first type of protective group from tiie solid 
support. (2) a first amino acid or peptide to couple said amino acid or peptide to said solid support at sites where said 
first type of protective group has been removed; (3) a second activator to remove a second type of protective group from 
the solid support; and (4) a first nucleotide or oligonucleotide tag to couple said tag at sites vkfhere saki second type of 
protective group has been removed; c) pooling the solid supports; d) apportioning the pooled solid supports among a 

55 plurality of reaction vessels; and e) repeating step (b) to coiple a second amino acid or peptide and a second nucle- 
otide or oligonucleottie tag to said solid support. 

As noted above, the invention can also t>e carried out in a mode in which there is no solid support, and the tag is 
attacfied directly (or through a linker) to the oligomer being synthesized. The size and composition of the library will be 
determined by the number of coupling steps and the monomers used during the synthesis. Those of skill in the art rec- 
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ognize that either the tag or the monomer may be coupled f ...t. .n ^^^^ ^^^^ ^,^er. 

Ar«lher possible embodimer* Is the use of so^kI -W^^J; ^^'^ «^ ^JS^ySL identifier taga This 
one with synthesis srtes (or linkers)for the ol.gomerandonew^^^^^^ 

arrangement allows the segregation of oligomers andjdertrf.efte^-nto d.^^^^^^ ^ be derivatized separately 

acid and the second solid support will havre at synthesis, "me most obvious means 

The mode of linking the two beads «consta.ned ^ 

species of solid support. 
IS Ml FnfindifiQ th ? irtAptifier Tag information 

scheme. ,j,^i-r too* k oossible through various encryption schemes, two of 

Information retrieval from oligonucleotide identifier *«9« P°^™^„7b at Lst in part encoded 
which aredescrlbed below, in thefirsl. the oygom«s«^^^ 

oligonucleotide. Each different monomer added «ag|vens^^^ J PCr pri„,ng 

gonucleotide tag of unk,ue length. The °''9°""^?,'"^?^'^~2^^ o the oligomer composl- 

sequences. characteristic of the given ste^""*^ '"J^!,^S^S^^Z^ZpCH priming sequence character- 

Steps in which a site being analoged is synthesized. ^„~iph in the seauence of bases conprising the 



20 



25 



30 



50 



55 



or identification region. ^/QKoo^^ Parh base in this string represents one bit of binary code. 

Reglon4lsamonomer««,«K:ato^^^ 

r;:h':;trrpL^sit^°.?reS"rn^^ 

omer type is encoded by a mixture of 1 to 8 of these y ion distinction). Four bits 

that the proper primers were used and that "^^"Hs. -mis region has the same information as region 

bilHy thai a good sequencing "read" will be obtained. 
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Region 7 is a 5'-PCR primer site (20 to 25 bases). This site serves as a site for annealing the second PGR primer 
for amplification of the sequence. The length of oligonucleotides with alt seven of these features, some of which are 
optional, will commonly be between 75 and 125 bases. 

An 8 bit format can encode 256 different monomer types. The number of steps that can be encoded is determined 
5 by the number of step-specific sets (8 per set) of oligonucleotides on hand. With 1 0 sets (80 oligos) one can encode up 
to 256 different monomers assembled into oligomers up to 10 units long (thus providing encoding capability for up to 
256^° = 1.2 X 10^^ oligomer sequences). The coded identifier tags may be used so tiiat each monomer is assigned a 
specific binary number (e.g. Ala = 00000001 , Gly = 000001 10, etc.). The appropriate oligonucieotides are combined to 
give the correct binary code. 

10 

VII. Recpyering and Decoding the Identifier Tag Irrfprmatiofx 

When specific beads are isolated in a receptor screening experiment, the beads can be segregated individually by 
a number of means, including: infinite dilution, micromanipulation, or preferably, fluorescence activated cell sorting 
15 (FACS). although, with respect to the present invention. FAGS is more accurately fluorescence activated oligomer or 
solid support sorting" (see Methods in Cell Biology. Vol. 33 (DarzynWewicz, Z. and Grissman. H.A.. eds.. Academic 
Press): and DangI and Herzenberg, J. Immunol. Metiiods §2:1-14 (1982) 

Once the desired beads have been isolated, one needs to identify the tag to ascertain the sequence of the oligomer 
on the bead. 

20 To facilitate tag identification, one has a variety of options. For instance, one could read tiie tag directiy from the 
bead by sequencing or hybridization, if the tag is an oligonucleotide. One can also amplify oligonucleotide tags to facil- 
itate tag identification. The oligonucleotide identifier tags carried by a single solid support or oligomer can be amplified 
in viva by cloning, or ia vitro. e.g.. by PGR. If the limit of detection is on the order of 100 molecules, then at least 100 or 
more copies of each oligonucleotide tag on a bead would be required. Copies of the tag are produced, either as single 

25 stranded oligonucleotides, double-stranded nucleic acids, or mixtures of single and dout)le-stranded nucleic acids, by 
any of a variety of methods, several of which are described below, and the amplified material is sequenced. In the 
embodiment of the invention in which a separate and distinct oligonucleotide tag is added at each monomer addition 
step (as opposed to extending an existing tag at each step), one can amplify all tags at once and tiien divide the ampli- 
fied rr^terial into as rrany separate sequencing reactions as there were oligomer synthesis steps (employing a different 

30 sequencing primer for each type of tag). In this embodiment, one could also design the tags so that each tag could be 
amplified separately from the other tags by appropriate choice of primer sequences. The sequencir^ reactions are per> 
formed and run on a standard sequencing gel. and the oligomer sequence is deduced from the code revealed in tiie 
resulting sequence information. 

An alternative strategy is to use common PGR primers and common sequencing primers (the sequencing primer 

35 may even overiap completely or partially with a PC R primer site) and identify the step by hybridization to oligonucleotide 
probes that are complementary to each step-specific sequence in the oligonucleotides from the bead. A single set of 
sequencing reactions is performed on all of the amplified oligonucleotides from a single bead. arxJ the reaction products 
are run in a single set of lanes on a gel. The reaction products are then transferred to a suitable hybridization memtsrane 
and hybridized to a single step-specific probe (see Maniatis et ai.. Cold Spring Harix^r Laboratory. Cold Spring Hartx)r, 

40 NY (1982) 

After detection of tiie resulting signal, the prcbe is washed from the membrane and another step-specific probe is 
hybridized. One could also use the procedure described in EPO publication No. 237,362 and POT publication No. 
89/11548 

Parallel hyt>ricfization provides an alternative to sequential hybridization. The sequencing reactions are divided into 
45 a number of aliquots equal to the number of peptide synthesis steps and run in a separate set of lanes for each on the 
sequencing gel. After transfer of the reaction products to a suitak)le membrane, the membrane Is cut to separate the 
sets of lanes. Each lane set is then hyk>ridized to one of a plurality of.step-specif ic oligonucleotide probes (see "Uniplex 
DNA sequencing" arxl "Multiplex DNA sequencing." in Plex Luminescent Kits Product Gataloo. Bedford. MA. 1990 

As noted at>ove, a single synthesis solid support (or an attached bead bearing a tag, or in solution in a Veil") may 
50 only comprise a few hundred copies of each oligonucleotide tag. These tags may be amplified, e.g., by PGR or other 
means well known to those skilled in the art, to provide sufficient DNA to be sequenced accurately The ability to decode 
the oligomers depends on the number of available oligonucleotide identifier tags, the level of amplification that can be 
achieved from the available tags, and tiie accuracy of sequencing that amplified DNA. 

The most commonly used in vitro DNA amplification metiiod is PGR. Alternate amplification methods include, for 
55 example, nucleic add sequence-based amplification (Compton. Nature 350 :91 -92 (1 991), arxj amplified antisense RNA 
(Van Gelder glal., Proc. Nat. Acad. Sd. USA §5:7652-7656 (1988), which is incorporated herein by reference), and the 
self-sustained sequence replication system (3SR, seeGuatelli MM-. Proc. Nati. Acad. Sd. USA 87: 1874-1878 (1990) 

If PGR amplification of an oligonudeotide identifier tag is employed, one may encounter "PGR product contamina- 
tion," caused by the product of one PGR readion contaminating a sut>sequent PGR reaction mixture designed to 
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nt this oroblem by introducing lability into 

the product sequences a'^/®**"^^^^ strategy, for which commercial ""^^'^ifaN Lcosidase degrades any 
p Jous reactions. ^ spf ^^^J'^.r^.S^^^ new ^^^.l^;^:t^lSl^ contains no dU 
gies. is to introduce ^UMP -nto me^ amplification o1 the 

dU-containing DNAj^^,SSt?gh^ase is removed or inactivated ^ ^^^^ only pyrimi- 

(orty dT) is not attected. Of course, tne a y g^n^esis have the unusual <*«rac*®"r^,pp:rn Calaloa Alameda 

Ueoftheta^descri.^^^^^^ 
dines. This m^s that the L^a«lg^ ^^^^ 

(1991) will work on only ha^f oj^^f"^^, purine strand is highly ^'"^^;l?,ceproblems with product con- 
,0 'complementary. P"' ':^-°;'^-^,7Snation of these fr^ a restriction site (EStl 

« ,agtobean^inedw,llnotbeclea.edbythe stranded tenplates.TWs generation may be 

o«We tag. . _ ^ . .^^ usually desires to generate s'"?le sfrandeorer^p ^f one of the primers 

For sequencing amplrfied DNA. one "Sta y agynmietnc PGR. ^^^^^7*^ patent No. 5.066.584 

accomplished by any of ^^^j^ '!>!f"%'^^"io^W hig^^ ^'^•Sm'^oS'rs ^d or remove the 

isusedtoamplifyonest^arKltoale^^^^^^ 

Another means of P'°^'^''^„^^7'!^Sized streptavidin (BSIsaJnsaSJDe^^^^J;?^^^^^ polymer- 
resumng strand by adsoj^n to .^b*^^^ 

S^SWar^^^^^J^r. Sthe P^^^ ^roSe'SSSTseparate, conventional 
sequencingreacuonfor ««<^ ^^;^rf^SS'iT/ngle reaction and run -"^.^'"^^^^^^f sS^^e for this pur- 

-nrrrr^ciS^^^ 

nose (AB1 Cataiog. incorporated herein Dyje ^^^^ ^ nolvrr^erase. 



20 



25 



30 



35 



45 



SO 



polymerases), tei Polyj"*^*-^ ^ Cleveland OH hybridization technique. To 

gomer able to bind the receptor. The bouna analogous to FACS meth- 

immunoglobulin. j,3ads displaying ligands on the-r selecting and 

No. 91/07087. incorporated herein by reference; 



55 



14 



EP 0 773 227 A1 



bound to the surface using conditions that reduce the avidity of the oligomer/receptor interaction (low pH. for example). 
The process of affinity adsorption can be repeated with the eluted beads, if desirable. Rnally, individual beads are phys- 
ically separated, for example, by limited dilution, by FAGS, or by methods similar to those in which cells are incubated 
with a receptor coupled to small superparamagnetic beads and then cells expressing a ligand for the receptor are 
5 extracted using a high power magnet (see Miltenyi §1 ai-. Cytometerv 11:231 -238 (1990). 

Magnetically selected cells can be further analyzed and sorted using FAGS. Radionucleotides may also serve to label 
a receptor. 

Alternatively, the present invention can be used to generate libraries of soluble tagged oligomers, which can be 
used with a variety of screening methods. For instance, the oligomo- library can be synthesized on beads with an iden- 

10 tifying tag encoding the oligomer sequence. The miaoscopic beads are placed in individual compartments or welts that 
have been "nanofabricated" in a silicon or other suitable surface. The oligomers are cleaved from the t>eads and remain 
contained within the compartment along with the bead and the attached identifier tag(s). In one embodiment, the bot- 
tom surfece is coated with the receptor, and after the addition of binding buffer and a known ligand for that receptor that 
is f luorescently labelled, one effectively has a solution phase competition assay for novel ligarKls for the receptor. The 

IS binding of the f luorescently labelled ligand to the receptor is estimated by confocal imaging of the monolayer of immo- 
bilized receptoi'. Wells with decreased fluorescence on the rec^itor surface indicate that the released oligomer com- 
petes with the iat)elled ligand. The beads or the tag in wells showing competition are recovered, and the oligonucleotnje 
tag is amplified and sequenced to reveal the sequence of the oligomer. 

The beads are loaded in the wells by dispersing them in a volume of loading buffer sufficient to produce an average 

20 of one bead per well. In one embodiment, the solution of beads is placed in a reservoir above the wells, and the beads 
are allowed to settle into the wells. Cleavage of the oligomers from the beads may be accomplished using chemical or 
thermal systems, but a photodeavable system is preferred. 

Recovery of identifier-tagged beads from positive wells may be effectuated by a micromanipulator plucking out indi- 
vidual beads. However, a preferred mode involves the use of beads that have t>een previously lat}elled with a f luores- 

^ cent tag. A laser of the appropriate wavelength Is then used to bleach the resident beads in only the positive wells. All 
the beads are then removed gn masse and sorted by FACS to identify the bleached positives. The associated tags may 
then be amplified and decoded. 

In a variation of this assay, the oligomer and tag may be synthesized attached to a common linker, which, in turn, 
is bound to the solid support. After placing the beads in the wells, one can cleave the linker from the bead, producing a 

30 tagged oligomer in solution. An immobilized receptor, such as a receptor bound to a bead or a receptor immobilized on 
one surface of the well, can be screened in a competition assay with the oligomer and a fluorescently labeled ligarxi. 
Instead of recovering the t>eads. one may recover the beads bearing immobilized receptors and sort the beads using 
FACS to identify positives (diminished fluorescence caused by the library oligomer competing with the labeled ligand) 
or one can determine the fluorescence emitting from the well surface coated with receptor. The associated identifier tag 

35 may then be amplified arxf decoded. 

In a third variation of this approach, soluble tagged oligomers, produced either by cleavage of the linked oligomer 
and tag from the solid support as descrfoed above, or synthesized by the VLSIPS™ method desaibed above, or syn- 
thesized in solution without a solid support, are incubated with an inrvnobilized receptor. After a wash step, the tx)und, 
tagged oligomers are released from the receptor by. e.g., add treatment The tags of the bound oligomers are amplified 

40 and decoded. 

IX. An Automated Instrument for Oliaomer Synthesis and Taooina 

The coupling steps for some of the nnonomer sets (amino acids, for example) require a lengthy incuk>ation time, and 
45 a system for performing many monomer additions in parallel is desirable. This can be accomplished with an automated 
instrument Me to perform 50 to 100 parallel reactions (channels). Such an instrument is capable of distributing the 
reaction mixture or sluny of synthesis solid supports, under programmable control, to the various channels for pooling, 
mixing, and redistribution. 

Much of the plumbing typical of peptide synthesizers is required, with a large number of reservoirs for the diversity 
50 of monomers arxJ tiie numfc>er of tags (up to 80 for a 1 0 step synthesis, in one emtx)diment) employed. The tag dispens- 
ing capability will translate simple instructions into the proper mixture of tags and dispense that mixture. Monomer build- 
ing blocks will also be dispensed, as desired, as specified mixtures. Reaction agitation, tenperature and time control 
may be provided. An appropriately designed instrument may also serve as a nxilti-channel peptide synthesizer capable 
of producing 1 to 50 mgs (crude) of up to 100 specific peptides for assay purposes. See PCT patent publication 
55 91/17823 
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EXAMPLE L SYNTHESIS ON GLASS BEADS OF 4 FLUORESCENTLY TAGGED PENTAPEPTIDES 

A. Derivatization of Glass Beads 

About 0.5 g of 3-10 diameter silica beads (Polyscience) were washed with refluxing 10% aqueous HNO3 for 20 
min. The beads were pelleted and washed with distilled water (5x) and methanol (3x) and dried at 125 for 12 hours. 
Beads were vortexed with a 5% solution of aminopropyltriethoxysilane in acetone for 10 hours, pelleted and then 
washed with acetone (2x). elhanol (5x), and methylene chloride (2x) and dried at 125°C for 45 min. Beads were sus- 
pended in dry DMF (1ml) containing diisopropylethylamine (17 100 jimoles) and a solution of Fmoc-b-alanine. pen- 
taf luorophenyl ester (200 mg. 420 pmoles. Peninsula Labs) in distilled water (1 .5 ml) was added. After vortex treatment 
for 1 1 hours, the beads were pelleted and washed with DMF (3x) and methylene chloride (2x). Beads were treated with 
a 10% solution of acetic anhydride in DMF containing 0.05 mol of 4<limethyiaminopyridine to cap any underivatized 
aminopropyl groups, and then washed with DMF (2x) and methylene chloride (2x). Beads were vortexed with a 20% 
solution of piperidine in DMF and the release of the Fmoc-piperidine adduct quantitated by monitoring the absorbance 
spectrum of the supernatant at 302 nm (e302 = 7800 M" ^ cm" ''). An estimate of the degree of substitution of 10 ^moles 
of amino groups/g beads was thus obtained. Finally, the beads were washed with elhanol (5x) and methylene chloride 
(2x) and then dried at 85 **C for 12 hours. 

B. Preparatio n of Boc-Glv-L>Phe-L-Leu-OH 

Glycyl-L-Phenylalanyl-L-leucine (552 mg. 1 .5 mmol, Bachem) was dissolved in a solution containing distilled water 
(10 ml) and 1 M NaOH (1 .5 m ). The solution was cooled in an ice bath and was treated with a solution of di-tert-butyl 
pyrocaitwnate (337 mg, 1 .5 mmol) in p-dioxane (12ml). A white precipitate rapidly formed but redissolved after stirring 
at room temperature for 4 hours. The solution was concentrated to dryness in vacuo, the residue taken up in water (5 
m I), and the pH adjusted to 2.5 by the addition of 1 M KHSO4. The aqueous suspension was extracted with EtOAc (2x, 
15 rnl ), the organic layer separated, and dried over MgS04. After removal of the solvent in vaggo. the residue was trit- 
urated with hexane to afford Boc-Gly-L-Phe-L-Leu-OH as a white solid (yield=642 mg. 98%). 

C. Prgparatipn <?f Qly-L-Phe-L-Leg B^d? 

Boc-Gly-L-Phe-L-Leu-OH (44 mg. 0.1 mmoO. benzotriazol-1-yloxytris(dimethylamino)phosphonium hexafluoro- 
phosphate (44 mg, 0.1 mmol) and 1 -hydroxybenzotriazole hydrate (14 mg, 0.104 mmol) were dissolved in dry DMF (1 
ml). Diisopropylethylamine (20 nl, 0.1 15 mmol) was then added and 0.65 m I of this solution was immediately trans- 
ferred to a microcentrifuge tube containing 80 mg of amino derivatized glass beads. The sealed tube was vortexed for 
3.5 hours, and the beads were then pelleted and washed with DMF (3x) and methylene chloride (2x). The beads were 
then deprotected with a 50% solution of trrfluoroacetic acid in methylene chloride for 30 min., washed with methylene 
chloride (2x), ethanol (2x), and methylene chloride (2x). and dried at 55 for 1 hour. 

D Preparation of GIv-Glv-L-Phe-L-Leu Beads (SEC ID NOilO) 

Fmoc-glycine pentaf luorophenyl ester (46 mg, 0.1 mmol) was dissolved in dry DMF (1 ml ) containing diisopropyl- 
ethylamine (17 jil, 0.1 mmol). About 0.65 m of this solution was added to 20 mg of Gly-L-Phe-L-Leu beads in a micro- 
centrifuge tube, and the tube was vortexed for 3 hours. The beads were pelleted and washed with DMF (4x) and 
methylene chloride (2x). Deprotection was effected by treatment vinth a 20% solution of piperidine in DMF for 30 min. 
The beads were washed with DMF (2x), ethanol (2x). and methylene chloride (2x) and dried at 60 for 4 hours. 

F Preparation of L-Pro^lv- L-Phe-L-Leu Beads fSEQ ID NO:1 1) 

Fmoc-L-proline pentafluorophenyl ester (50 mg, 0. 1 mmol) was dissolved in dry DMF (1 ml) containing diisopropyl- 
ethylamine (1 7 jil. 0.1 mmol). About 0.65 ml of this solution was added to 20 mg of Gly-L-Phe-L-Leu beads in a nrticro- 
centrifuge tube, and the tube was vortexed for 3 hours. The beads were pelleted and washed with DMF (4x) and 
methylene chloride (2x). Deprotection was effected by treatment with a 20% solution of piperidine in DMF for 30 min. 
The beads were washed with DMF (2x), ethanol (2x). and methylene chloride (2x) and dried at 60*»C. for 4 hours. 

F Fluorescein Staining of Gly>Glv-L- Phe-L-Leu Beads 

About 5.4 mg of Gly-Gly-L-Phe-L-Leu beads were suspended in 450 of aqueous borate buffer (pH 8.5) and 54 
jil of a 1 0 nM solution of fluorescein isothiocyanate (FITC) added. After vortex treatment for 1 .5 hours, the beads were 
washed with buffer (5x), ethanol (2x), and methylene chloride (2x). FACS analysis indicated that approximately 10% of 
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available amino groups had been titrated with FfTC. 

G. Co couDfina of L-Tyrosine and Biotin to Mixture off L-Pro-Glv-L-Phe-L-Leu and FITC labelled Gay-G1v-L-Phe-L-Leu 
Beads 

5 mg of FITC labelled Gly-GIy-L-Phe-L-Leu beads and 5 mg L-Pro-Gly-L-Phe-L-Leu beads were mixed together in 
a single tube, vortexed with a 0.1 mM solution of diisopropylethylamine in methylene chloride, and the suspension was 
divided into two equal portions. The beads were pelleted, and to one portion was added a solution containing Fmoc-O- 
tert-butyl-L-tyrosine pentafluorophenyl ester (59 mg, 95 nmol), N-hydroxysuocinimidobiotin (1.7 mg, 5 \imo\) and diiso- 
propylethylamine (17 lit 100 Mmol) in dry DMF (1 ml). After vortexing for 3 hours the beads were washed with distilled 
water (2x), ethanot (2x). methylene chloride (2x) arxi DMF (1x). Fmoc deprotection was effected by treatment with a 
20% solution of piperidine in DMF for 30 mtn.. and tert-butyl side chain protecting groups were removed by treatment 
with 2S% triffluoroacetic add in methylene chloride for 30 min. The pelleted beads were washed with methylene chloride 
(2x). ethand (2x), and TBS (1x). 

H R-Phycoerythrin Staining of Biotinvlated L-Tyr-(G lyyL-Pro)-Glv-L-Phe-L>Leu Beads (Mixture of SEQ ID NO: 12 and 
SEQ ID NO: 13) 

Biotinylated L-tyrosine be^s from (G) above were suspended in TBS (0.5 ml) and treated with 10 ^1 of R-phyco- 
erythrin-avidin conjugate (Molecular Probes) for 30 min. Pelleted beads were washed with TBS (5x). 

1. Co-coupling of L-Prolme and Biotin to Mixture o f L-PrQ>Gly-L.Phe-L-Leu and FITC labelled Gly>Gly>L-Phe-L-Leu 
Beads (Mixture of SEQ id NQ:15 and SEQ iP N0;14) 

5 mg of a mixture of L-Pro-Gly-L-Phe-L-Leu and FITC labelled Gly-Gly-L-Phe-L-Leu beads were treated with a 
solution containing Fmoc-L-proline pentafluorophenyl ester (48 mg, 95 jinnol). N-hydroxysuccinimidobiotin (1.7 mg, 5 
(imol). and diisopropylethylamine (1 7 100 nmol) in dry DMF (1 ml). After vortex treatment for 3 hours, the beads were 
washed with DMF (2x). ethanol (2x). methylene chloride (2x). and DMF (1x). Fmoc deprotection was effected by treat- 
ment with a 20% solution of piperidine in DMF for 30 min., and by way of control, the beads were treated with 25% tri- 
ffluoroacetic acid in methylene chloride ffor 30 min. The pelleted beads were washed with methylene chloride (2x), 
ethanol (2x), and TBS (1x). 

J. Tri-Color St aining off Biotinvlated L-Pro-fGlv/L-Prol-Glv-L>Phe-L-Leu Beads 

Biotinylated L-proltne beads from (i) above are suspended in TBS (0.5 ml) and treated with 20 ^l Tri-Color: strepta- 
vidin conjugate (Caltag L^s) for 30 min. Pelleted-beads are washed with TBS (5x). 

K. Selection of Beads Containing Peptide Uoands ffor Monoclonal Antibodv 3E7 

Monoclonal antitxxJy 3E7 was raised against the opioid peptide beta-endorphin. The binding specificity of MAb 3E7 
has been well characterized by solution assays with chemically synthesized peptides. The equilibrium binding con- 
stants (Kd) of the peptides considered here are as follows: YGGFL is 6.6 nM; and YPGFL. PPGFL. and PGGFL are 
each >1 mM: thus, only the peptide YGGFL shows appreciable affinity for the antbody. 

A mixture of beads containing either YGGFL. YPGFL. PGGFL, or PPGFL and their respective tags (see above) are 
added in phosphate bufffered saline (PBS) containing monoclonal antibody 3E7 that has been previously conjugated to 
colloidal superparamagnetic microbeads (Miltenyi Biotec. West Germany). After a 16h (hr) incuk>ation at 4 ""C, t>eads 
which bind the 3E7 antitxxly are selected using a high strength magnet. The selected iDeads are then analyzed by flow 
cytonrtetry. Analysis of the selected beads reveals that they contain tx>th fluorescein and R-phycoerythrin, indicating that 
only beads displaying the peptide YGGFL are selected the 3E7 antibody. 

EXAMPLE 2: SYNTHESIS ON GLASS BEADS OF 4 PENTAPEPTIDES TAGGED WITH OLIGONUCLEOTIDE IDEN- 
TIFIERS 

A. Synthesis of Identifier Olioonucleotides (H-dV) 

The oligonucleotide identifier tags (l)-(IV) have the sequences shown t>elow. TTie regions complementary to the 5' 
and 3' PCR primers are underlined. The regions complementary to the step-specific sequencing primers are shown in 
lower case: there are two steps in this example. The monomer encoding region is shown in bold type: CT7 encodes Gly, 
TCTe encodes L-Pro, and TTCT5 encodes L-Tyr in this case. Thus oligos (I)-(IV) code respectively for Gly in position 2. 
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L-Pro in position 2. L-Tyr in position 1 , and L-Pro in position 1 . 

(D 5'-BiB2-cTnoiix3amiiniiim:c^^ 

CI iCl t i 1 1 1 Ic rCTCCCTCTCrCCICTCrCccctttctctcctttc 
^rrrTCCTCT rTrTrTTrrrTCC-y (SEQIDNO:!) 

(n) 5--BiB2<nTrcTicmi£caoraO]C^^ 

Cl l lCl i 1 1 1 IC rCTCCCTCTCFeCTCTCTCccctttctctcctttc 
r trrTrTCCTrTrT(TrCTrCnTCC- 3' (SEQroNO:2) 

(m) nin9./-TTTrTTrrTrTrrCTrTTrrcrcCTCiT^ * ^ iCTC 
ci 1 1 1 el 1 1 1 i c ixncccrcTCTCCTcrcrctcttcctttcccctct 

(SEQIDNO:3) 



(IV) y pip?^-TT-Ty~r7vrTrTrcCTrTT^^ * * * * 

Ci 1 ICi i 1 1 1 iCI C T CCCTCTCICCTCICICtottcctttcccctct 
^^r-ir-yr-f-Tr-rfTrnrrrT^^ (SEQIDNO:4) 

where: -p-MaIeimiclo-C5H4-(CH2)3-C(0)NH-(CH2)6-0-PO,-0-. and = CH2-CH[(CH2)4-NH-Biotinl-CH,-0-P03- 
°" Oliaos (l)-(1V) are synthesized on an ABI PCR-mate synthesizer using commercially ^^^ilable (Sigma) DMT-O-f^ 

fGlen Research) for each oligonucleotide. The fully protected O-methyl phospholnester ohgomers are 

SSnSUenyO ujate (Pierce) in DMF for 30 min. The modiOed. protected ohgonudeotries are desalted by RP 

"'"'^eTm'f^S'pCR^^^^ 

5- PGR Primer S-TCCTCTCCCTCTTTTCTCCTCT-a' («^«P<^to ''^^^^if °* '° ^""^ 
3- PGR Primer 5 -Biotin-GGAAAGAAQAQAGAQAGGAQAGG^' (SEQ ID N0.5) 
Step #1 Sequencing Primer S'-AQAQAaOGGAAAGGAAGA-S- (SEQ ID NO:^ 
S sSuencing Primer S'-AGGAAAGQAGAGAAAQGQ^- (SEQ ID N0:7) 

p Rr^r-^i^ ff f?i y.QiY-L-P hf-i -I «■ Beads Rfwrinn klnntifierQIigp (1) 
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C. Preparation of L-Pro-Glv-L-Phe-L-Leu Beads Bearing Identifier OliQO (W) 

5 mg of Gly-L-Phe-L-Leu beads are treated as in (b) abcve. substituting Fnxxs-L-Pro-OH and Oligo (II) for Fmoc- 
Gly-OH and Oligo (I), respectively. 

5 

D. Preparation of(0^uVL'Tvr-(Glv/L-Pro)-Gtv-L-Phe-L-Leu Beads Bearing Identifier Oliaos (III and l/ll) 

Beads from (b) and (c) are pooled and divided Into two equal portions. One portion is treated as in (b), substituting 
Fmoc(OtBu)*L-Tyr-OH and Oligo (III) as appropriate. 

10 

E. Preparation of L-Pro-fGlv/L-Pro)-Glv-L-Phe-L-Leu Beads Bearing Identifier Oliaos f IV and l/ll) 

The second pool is heated as before, substituting Fmoc-L-ProOH and Oligo (IV) as appropriate. 

IS F. Reconstitution and Deorotection of the Peptide Library 

Beads from (d) and (e) are pooled, and the phosphate, amino acid side-chain, and nucleotide exocyclic amino pro- 
tecting groups are renrwved as follows. A one hour treatment with a 1 :2:2 mixture of thiophenol: triethylamine: p-dioxane 
Is followed by washing the beads with methanol (2x) and then methylene chloride (2x), and then the beads are treated 
20 for 5 min. with 95:5 trifKioroacetic acid: ethanedithid. After a wash with methanol (3x). the beads are treated at 55 "^C 
with 1 :1 ethylenediamine: ethanol for 1 hour and then washed first with ethanol (2x) and then with PBS (2x). This col- 
lection of beads constitutes the lft>rary and contains approximately equal quantities of the 4 immobilized peptides 
YGGFL. YPGFL. PGGFL and PPGFL Additionally, each bead carries two distinct 113 bp oligonucleotide sequences 
encocfing the identities of txrth the first and second amino acids of tiie peptide on that bead. 

25 

G. PGR Amplrfication of OIlQonucleotide Identifier Tao 

After a FAC sort of affinity purified beads into individual 0.5 mL polypropylene tubes, 25 pJ of TBS containing 0.1 
\xQ salmon sperm DNA (as carrier) are added together with 25 ^il of 2X PGR Amplification Buffer (PEG I) to each tube. 

30 The 2X buffer contains: 100 mM KCI; 20 mM Tris-GI. pH 8.4, 20 degrees G; 6 mM MgCIa; 0.4 mM dNTP's; 1 fiM of 5' 
PGR primer; 1 jiM of 3* PGR primer; and 100 units/ml Taq DNA polymerase. 

After buffer addition, the sample is covered with 50 ^1 of mineral oil and transferred to an automated thermal cycler. 
In the tiiermal cyder, the samples are heat denatured at 95 ""G for 2 min, and then cyded 35 times through 3 steps: 
95*^0 /30 sec.. BQ**Ch min., 72 ''C /I min., which steps are followed by an Incubation at 72 ""C for an additional 5 min. 

35 and then the tubes are cooled and held at 1 5 "^C until ready for processing on streptavktin beads. The mixture is heated 
to 95 ^'C to denature tiie strands, and the biotinytated purine strarKt and excess 3' PGR primer are removed by addition 
of streptavidin-coated t>eads. The tubes are cent-ifuged at 2005 for 5 min. The supematant is used in the sequendng 
reactions, as described below. 

40 H. Sequencing of PGR Amplified Qliggnudeotide Tags 

The amplified oligonudeotides from individual bead Isdates are sequenced in a pair of reactions (using ddA or ddG 
as chain terminators) with either the Step #1 -specific or the Step #2-specffic sequendng primers. 

To anneal ttie template and primer, for each set of two sequendng lanes, a single annealing and sut>sequent labe- 
45 ling reaction is run by combining 8.5 ^ of sequendng primer (conc.= 0.25 pnrK>l/^0. 1 -5 ^1 Sequenase^ 5X sequendng 
buffer (200 mM Tris Ha. pH 7.5; 100 mM MgCl2: and 250 mM NaQ), and 10 ^1 of template DNA from tiie amplification 
supernatant above. The samples are heated for 2 minutes at 65 **G and allowed to cool slowly to room temperature 
(approx. 10 minutes). 

The labefing reaction is performed as follows. Sequenase^** (v2.0) is diluted 1 : 20 with TE (10 mM Tris HGI. pH 7.5; 
so and 1 mM EDTA). and a labeling cocktail containing a 2 : 3.5 ratio of diluted enzyme to labeling mix (i.e., a 4 : 2 : 1 mix- 
ture of 150 nM dGTP. 0.1 M dHhiothreitol. alpha-^S-dATP. >1000 GiAnmoQ is prepared. About 5.5 ^1 of tine cocktail are 
lncut>ated with 10 fil of annealed template/primer (from (1)) at 25 *G for 5 min. 

The termination reactions are performed as follows. 6 ^1 of labeling reaction mixture are added to 5 |il of each of 
the appropriate ddXTP termination reaction mixes (i.e., 80 jiM dGTP. 80 jiM dATP, 50 mM NaGI, and 8 ^iM ddGTP or 8 
55 }iM ddATP). After incubation at 37 °G for 5 min., about 8 \i\ of Stop Solution (95% formamide, 20 mM EDTA, 0.05% 
bromophenol blue, and 0.05% xylene cyanol) are added to each of the termination reactions. 

The sequendng gel is comprised of 6% total acrylamide (19:1 acrylamide/bis), 0.09 M Tris base, 0.09 M boric add, 
1 mM EDTA. and 7 M urea. The gel is polymerized by addition of 1.9 |il of 25% ammonium persulfate per ml and 0.72 
\i\ of TEMED per ml of above gel solution. The gel Is allowed to polymerize at least one hour and is prerun at least 20 
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minutes prior to sample loading. Gel plates are then mairrtained between 40 and 50 prior to and during the run. 
i?»^nL «!^ILted to 85-95 '>C for 2 minutes prior to loading, and the gel is run until the bromopheno^ blue dye 

The information required to identify the sequence of monomers in the oligomers attached to the Deaa is co 
the DNA sequence information. 

EXAMPLE 3: PARALLEL SYNTHESIS OF PEPTIDES AND0LIC30NUCLE0TIDE TAGS ON CARBOXYL BEADS 

A c^ ynthpgjR nf PhosDh nramidites nVnV) 

112: 1691-1696 

P p^pvfit'-'^;i Oflrh^ W'tt^ « Diamine UnKer 

leted, the supernatant decanted, and the t>eads washed with DMF (3 x 1 .0 ml ). 

r. Awarhin p Peptide anH niinnnuciep ti^'' Ry"<>^^s Unkers 

100 mg of the beads are treated wrth a mixture of *-'=-«=r'"°^n''.Si^^\'Zilf ^^^^ 

fs^^Sij^ fresh reagents, and the t>eads are pelleted and washed as desa-bed above. 
D R..lrtinn a 3' PCr" Primina Si t «» nn the Hydroxy UnKers 

tected phosphoramidrte. The reaction steps are: <1) ''^a?^ ^if Tf^J"" 

are rented fK.m' on'e to 25 times to assemble a PCR priming site of up to 25 nucleotides. 
P nryi plinq of First Amino Acid Amino Unkers 

Peptideand nucleo«de couplings may be ^ternated. - 

F.v^r nroiin i<:; first removed from the beads by treatment with 30% piperidine in DMP lor bu mm i ne oec* 
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reagents for a further 30 min. and the beads are washed with DMF (3x) and then with MeCN (3x). 

F. Construction of Rrst Oligonucleotide "Codon" 

5 A '^codon" of about 3 to 5 nucleotides uniquely representing the identity of the first amino acid is then built at the 5* 

end of the oligonucleotide chain using the 8-step coupling cycle in procedure (d) at>ove. 

G. Coupling of Subsequent Amino Adds and "Codon" Construction 

10 The methods of procedures (e) and (f) are then repeated using the appropriate amino acid and nucleotide building 
blocks until the desired peptide and the oligonucleotide coding region are completely assembled. 

H. Construction of a 5* PCR Priming Site 

IS The 8-step coupling cycle of procedure (d) is used to build a 20-25 nucleotide PCR priming site on the 5' terminus 
of the oligonucleotide chains. 

I. Deorotection of the Olioonudeotide and Peptide Chains 

20 The fully assembled peptide and oligonucleotide chains are deprotected as follows. The amino-terminal Fmoc 
groups are removed by treatment with 30% piperidine in DMF and then a wash with THF (3x). To renwve the allylic pro- 
tecting groups, the beads are treated with a THF solution containing tris(dibenzylideneacetone) dipalladium-chloroform 
complex (0.02 M), triphenylphosphine (0.2 M), and 1 :1 n-butylamine/formic acid (1 .2 M) at 50°C for 30 min. and the pel- 
leted beads are washed with THF. The beads are washed with 0.1 M aqueous sodium N.N-diethyldithiocart>amate and 

25 then water to remove traces of palladium. The amino acid protecting groups are then removed by treatment with 95:5 
TFA/Mater for 30 min. "Scavenger" reagents such as 1 ,2-etfianedithiol and thioanisole may also be included in this 
acidic deprotection medium (e.g., 2% of each by volume). Finally, the fully deprotected beads are washed with aqueous 
buffer and are ready for interaction with a biological receptor. 

30 EXAMPLE 4: LIBRARY PREPARATION AND SCREENING 

In this example, two populations of amine derivatized beads were labeled with oligonucleotides possessing base 
sequences uniquely characteristic of each bead population. The population labeled with an oligonudeotde 95 bases in 
length (95 mer) was subsequently coupled to the peptide YGQFL The population of beads labeled with an oligonude- 

35 otide 110 bases in length (110 mer) was coupled to phenyalanine (F). The beads were then mixed in the ratio of twenty 
F/110 mer beads for each YGGFU95 mer bead and stained witii a fluorescentiy labeled antbody 3E7 that binds the 
peptide YGGFL with high affinity. Individual fluorescentiy stained beads could then be sorted by FACS directly into PCR 
tubes. After PCR, 5 of 6 fluoresently stained beads gave rise to a fragment of amplified DNA 95 bp long. PCR of the 
remaining single bead gave rise to small DNA fragments, possibly being primer dimer. 

40 The oligonucleotides used in this experiment are the two tags, two PCR primers, and one sequendng primer. The 
same PCR and sequencing primers were used for the two tags. The two tags differ in their sequence and length. Botii 
tags were composed of the bases T-deazaA, C, and T. 
The 95 mer tag has the sequence: 

« CCA CTC ACT ACC ACT CPA CTA TA A CG A CCC CTT CCT ATT CCA AAA TTA 

CAA Act tat etc aac tac ate tCA C AC TC A CTC ATC TCT AC A TCT AC (SEQ ID 
NO:8) 

50 

The 110 mer tag has the sequence: 

CCA CTC ACT ACC ACTT CTA CTA TA A CC C TCC CCT ATT CCA AAA TTA CAT 
« CCT ATT CCA AAA TTA CAA Act tat etc aac tac ate tCA CAC TCA CTC ATC TCT 
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Ar f^TCTAC (SEQ ID NO:9) 



the anti-sense primer is al the 3' 
binding site 

A. BPtf^ Prcyaration 



10 



15 



20 



A. BeadPTSBSESfion composed of car- 

washed with three times (3x) with 1 .0 mL d wat« ^^^^ hexafluorophoBptete (HBTIJ. 38 mg 

SlTshed pellet wasadded2-(lH*en^^^ ^ ^ ''H^SSxt 1 SiSe^n- 
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acquired fluorescence, and fluorescent beads were isolated by sorting into PGR tubes. One, ten. or one hundred fluo- 
rescent beads were sorted into each PGR tid>e. In an analogous manner, non-fluorescent beads were also sorted into 
PGR tubes. 

5 E. Amplification of Sorted Beads 

To each PGR tube containing a bead or beads was added 25 ^iL of PGR buffer (20 mM Tris-HGI. pH 8.7; 10 mM 
KGL; 10 mM (NH4)2S04: 2 mM MgClgi 0.1% Triton X-100; 0.14 mg/ml BSA; 200 \im dATP; 200 ^im dGTP; 200 \xm 
dGTP; 200 jim dTTP; 2 jim primer #1 ; 2 primer #2; and 0.5 units of Pfu DNA polymerase). Reactions were sul>- 
10 jected to 40 cycles of SS^'G for 0.5 min.. 55''G for 1 min.. and 72X for 1 min. 

Gel loading dye (2 ^L) was added to 1 0 of each PGR. and the sample was run on a 2% low melting point agarase 
gel. DNA fragments were visualized by staining with etNdium bromide and exposure to UV light. Five of six of the tut>es 
containing single flourescent beads gave rise to DNA fragments 95 base pairs in length, confirming that these beads 
were coupled to YGGFL and not F. Tubes containing 10 or 100 fluorescent beads also gave rise to 95 mer DNA frag- 
15 ments. Gonversly. none of the tubes containing 1 . 1 0, or 1 00 non-fluorescent beads gave rise to 95 mer fragments. 

There were, however, anomalous amplification products smaller than 1 10 bp from amplification of the tags of non- 
fluorescent beads. These anomalous products may have arisen through the use of unprotected oligonucleotide tags in 
this example, which may have allowed the free exocydic amines to couple to the F amino acid, thereby rendering the 
tag subject to anomalous amplification. This prot^lem would not have affected the 95 mer tag to the same extent. 
20 because YGGFL would be less reactive with the exocyclic amines than R 

EXAMPLE 5: UBRARY SVrMTHESIS AND SGREENING 

This example is illustrated schematically in Figure 9. Briefly, a single population of amine derivattzed beads (pre- 
25 pared as described in Example 4) was coupled to glydne. The population was then divided into two equal parts, and 
each part was labeled with a characteristic digorujcleotide tfiat would uniquely identify the bead sut)population. The 
subpopulation that had been labeled with an oligonucleotde 95 t^ses in length (the 95 mer described in Exarrple 4) 
was sut>sequently coupled to the peptide YGGFL. The population of beads that had been tat>eled with an oligonucle- 
otide 110 k^ses in length (the 110 mer described in Example 4) was coupled to the peptide FLFLF (SEQ ID NO:16) 
30 The beads were then mixed in the ratio of twenty FLFLF/1 10 mer t>eads for each YGGFU95 mer bead (i.e., 20:1) and 
stained with a fluorescently labeled antibody (3E7) that binds the peptide sequence YGGFL with high affinity. Individual 
f luorescently stained beads and unstained beads were sorted directly into PGR tubes. Upon PGR, all the fluoresently 
stained beads gave rise to a fragment of anrplified DNA 95 base pairs in length, and all the unstained beads gave rise 
to a fragment 110 base pairs in length. 

35 

A. Pgpti^e qouplinq Step #1 

To Fmoc-Gly (Fmoc = 9-fluoreny1methoxycartx>nyl amine protecting group: 0.1 mmole) was added HBTU (0.1 
mmole). HOST (0.1 mmole). 1 .0 ml of 10% DMF in methylene chloride, and DIEA (0.3 mmole). After vortex treatment 
40 to dissolve the solids. 0.4 mL of the solution containing the activated amino acid was added to 50 mg of diamine deri- 
vatized treads. The reaction mixture was vortexed 30 min. eind then diluted with DMF, centrifuged, decanted, and the 
bead pellet washed twice with 1 .0 ml of DMF. The coupling reaction was then repeated. The beads were then treated 
with 1 .0 m I of 30% piperidine in DMF with vortexing for 1h to deprotect the glycine amino group. 

45 B. OliOOnucle^^Ho l aholing 

Two dtffererrt target oligonucleotides were employed in this experiment: the 95 mer and 110 mer described in 
Example 4. Half of the bead sample descrfoed above (25 mg) was labeled with the 95 mer. and the other half was 
labeled with the 1 10 mer. These oligonucleotides are composed of 2'-deQxy-cytidine, thymidine^ and 2'-deoxy-7-deaza- 

50 adenosine. The oligoruicleotides were synthesized with a primary amino group on the 5'-terminus (MMT-C12-AnTi- 
nomodifier. Glonetech Laboratories, Inc.). Lyophilized oligonucleotide (1.5 nmole) was dissolved in 10 ^J of 0.5 M Na- 
phosphate. pH 7.7. and the solution was then treated with 20 |il of 0.2 M disucdnimydylsuberate (DSS). The reaction 
proceeded 10 min., and then, 70 ^il of ice-cold water were added. Unreacted DSS was removed by centrifugation. The 
supernatant was passed through a G-25 spin column that had t>een equilibrated with water. The eluant was immedi- 

55 ately frozen and lyophilized to isolate the S'-N-hydroxysuccinamide ester of the oligonudeotide. This activated oligonu- 
deotide was dissolved in 100 |il of 0.1 M Na-phosphate, pH 7.5. which contained 0.1 mg/mt of sonicated salmon sperm 
DNA. This solution was added to 25 mg of glydne-ooupled beads. After vortex treatment for 3h the beads were washed 
twice with 0.4 m of 0.1 M Na-phosphate, pH 7.5. and twice with 0.4 ml of 0.1 N NaOH. Rnally. the beads were washed 
three times with 0.4 ml of pH 7.5 buffer. 
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n. PaptiHp rnijplinq Steo #2 

dSrt«l aS^e bead pellets washed three times with 1 .0 nH of THF. The Boc protectinggroups were rertK«^ed by 
fr^^^e beads 0 4 ml of 95% trifluoroacetic acid for 10 min. TTie deprotection reacl«n «»8 ften d"uted wrth 
w 7eSr«S darned, ar^i the beads washed three times with 1.0 ml - DMF. FiJ^al1y. the beads were washed 
three times with 0.5 ml of 0.1 IWI Na-phosphate. pH 7.5. and stored as a sluiry (10 mgAnl). 

P Miniiw fftni"'"ff ""^ sortirw 

The beads coupled to the 110 mer and FLFLF were mixed with the beads that were coupled to ttie 95 mer and 
YGG?Li^^rarSS:1.Tln«.0.1mgof95mer/Ye«FLbead^ 

mer/FLFLF beads (40 million beads). The mixture was suspended m blocking buffer (PBS. 1% BSA. 0 05% Tween^uj 
STncS^t^t r^mtliierature^for 1 h The beads were next P^'-^te^^ -^^^^^^^^tT^^ '^heS s- 
fion of an FITC-labeled monoclonal antibody (3E7) that recognizes the peptrie sequence YGGFL (1 poftnl ). The sus 
oension was incubated 0.5 hon ice and then centrifuged to isolate the bead pellet -.^..^u^ 
^eSs w^e resuspended in PBS for delivery into the fluorescence activated ceH sortng (FAC^^T^, 
mec^n oSns^ FAC^^ Plus). Beads that had bound to the f luorescentiy labeled antibody were "denttjed^ tt^r 
L^^°r^f(ti Figure 1 0). and homogeneous san^^^^ 

r^i!^ed by sorting into PGR tubes. One. ten. or one hundred beads of each type were sorted into each PGR tube. 
F pr.RBf Sorted Beads 

i wrt eSILm bromide arJexposure to UV light. Six single bead sambas, three 10 J^^^^^^^ 

head samoles were amplified from both the fluorescent and non-fluorescent populations. All the bead samples from me 

fto^efcSS^^S^^^^ 

cent population produced only fragments 1 10 base pairs in length (see Figure 1 1). 
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(2) INFORMATION FOR SEQ ID NO:l: 

fi) SEQUENCE characteristics: 

(A) I^GTH: 111 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology: linear 

(ii) MOLECULE type: cONA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCTCT TTTTTTCTCC TTCTTTTTTT CTCTCCCTCT 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 

(2) INFORMATION FOR SEQ ID NO: 2: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 111 base paxrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
CTTTCTTCCT CTCCCTCTTT TCTCCTCITC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 
CTCCTCTCTC CCCTTTCTCT CCTTTCCTCC TCTCCTCTCT CTCTTCTTTC C 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 115 base paxrs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
CTTTCTXCCT CXCCCXCXXX TCXCCXCXTT CXTTTTCXCC ^CXTTT. CXCXCCCTCT 
CXCCTCTCTC TCTXCCTTTC CCCTCTCTCT CTCCXCXCCT CTCXCTCTTC TTTCC 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERXSTXCS: 

(A) LENGTH: 1X5 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

CTTTCTTCCT CTCCCTCTTT TCTCCTCTTC TTTTTTCTCC TTTCTTTTTT CTCTCCCTCT 60 

CTC C T C T C TC TCTTCCTTTC CCCTCTCTCT CTCCTCTCCT CTCTCTCTTC TTTCC 115 

IS 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
^ (A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

25 (ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTIONr SEQ ID NOxSi 
GGAAAGAAGA GAGAGAGGAG AGG 23 

30 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 
3S <B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: li^^ear 

(ii) MOLECULE TYPE: cDNA 
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

AGAGAGGGGA AAGGAAGA 18 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECUI-E TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
AGGAAAGGAG AGAAAGGG 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 95 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
CCACTCACTA CCACTCTACT ATAACCACCC CTTCCTATTC CAAAATTACA AACTTATCTC 
AACTACATCT CACACTCACT CATCTCTACA TCTAC 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 110 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
CCACTCACTA CCACTCTACT ATAACCCTCC CCTATTCCAA AATTACATCC TATTCCAAAA 
TTACAAACTT ATCTCAACTA CATCTCACAC TCACTCATCT CTACATCTAC 
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(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Gly Gly Phe Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acid 
( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Pro Gly Phe Leu 
1 



(2) INFORMATION FOR SEQ ID NO: 12: 

3S (i) SEQUENCP CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: sunino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Gly Gly Phe Leu 
1 5 
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INFORMATION FOR SEQ ID NO: 13: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: S amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Tyr Pro Gly Phe Leu 
1 5 



INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 auaino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14 

Pro Gly Gly Phe Leu 
1 5 



INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTEiaSTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 

Pro Pro Gly Phe Leu 
1 5 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECniX TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Phe Leu Phe Leu Phe 
1 5 



. Claims 

1 . A process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the step of screening 
against a ligand or receptor a lft>rary of different synthetic corrpounds, which compounds are obtainable by synthe- 
sis in a component by component fashion which links each compound to one or more identifier tags which enable 
subsequent identification of reactions through which said components were incorporated and consequent deduc- 
tive structural identification of said members. 

2. A process of claim 1 . wherein the library comprises a plurality of different members, each member comprising an 
oligomer composed of a sequence of monomers linked to one or more identifier tags identifying the sequence of 
monomers in said oligomer. 

3. A process of daim 2, wherein said linkage between said oligomer and said identifier tag comprises a solid support. 

4. A process of daim 2 or daim 3, wherein said identifier tag is atteched to said oligomer. 

5. A process of any one of daims 2 to 4 , wherein the library has about 10^ different members. 

6. A process of any one of claims 2 to 5. wherein said oligomer is a peptide or an digonudeotide. 

7. A process of any one of daims 2 to 6. wherein said identifier tag is a fluorescent marker. 

8. A process for preparing a new pharmaceutical drug or diagnostic reagent, which includes the step of screening 
against a ligand or receptor a tagged synthetic oligomer library produced by synthesizing on each of a plurality of 
solid supports a single oligomer sequence and one or more kientif ier tags identifying said oligomer sequence, saki 
oligomer sequence and ktentif ier tags synthesized in a process comprising the steps of: 

(a) apportk^ning sakJ supports among a plurality of reaction vessels: 

(b) exposing said supports in each reaction vessel to a first oligomer monomer and to a first kientif ier tag; 

(c) pooling sakI supports; 

(d) apportioning sakJ supports among a plurality of reaction vessels; 

(e) exposing said supports to a second oligomer monomer arxi to a second kJentif ier tag monomer; and 

(f) repeating steps (a) through (e) from at least one to twenty times. 

9. The use of a solid support in pharmaceutical drug or diagnostic reagent identification, said sdid support comprising 
a first partide attached to a second particle, said first particle linked to an oligomer and saki second particle linked 
to an oligonudeotkie kientifier tag. and wherein sakJ oligomer is other than an oligonudeotide. 

10. A process for preparing a new pharmaceutical drug or diagnostic reagent which includes the step of screening 
against a ligand or receptor an oligomer library which is ot>tainable by a process comprising: 

recording each step in a sequence of oligomer monomer additions in the synthesis of an oligomer lik>rary, the 
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. an iden«ier tag .n conjunction with the ^^^Z^X^ ^S^^ 

method comprising add-on. thereby forming a senes o» Ktentrtier tag« 

least two cycles of monomer and tag aou 

«rt,ereby the oligomer .^.ary is obtainat^e. after the addition of a 

,1 A process Of daim 10. wherein in ^^PJ^e^^^^^^^^ 

- ;^e^.r.g.«*se.ue.«ent-«rta.sareat. ^^^^^^^^^^^^^^^ 

Ap^assof c,.n.O<.-^^^^^^ 

andanoligonucleoKleonaso.«s active sfte blocked wHh a f iret type of protect- 

U said second type ^^^^ peptide to said second type of active site: and 
(e) coupling a pept Je ""'T^^fV^e to twenty times. 

(0 repeating steps (b) through (e) from a diagnostic reagent is developed from the 

.• H,„ft 10 1lor12.whereinsaiddrugadiagnosi. 
13 Aprocessofanyoneofcla.ms1to8.10.1lor 

resuH of said screening. ^ 1 to 8. 10. 11. 12 

Aprocessforpreparingapes^^-J^ej^^^ 

or'l3modmedbysaWscreen.ngand/ordevelop solW support comprising a fi-^t particle 

,S The use Of a so. supp^ . ^SrSSSrS-- 
XcJStoasecondpartc^-f f^^^^ 

Ceofide identifier tag. and where.n saKi o,.g ^ «„v one of daims 1 to 8. 10. 1 1 . 12 or 1 3 or 

Apharmace^-Oord^g^^^creagentcbtainedbyaprocessCanyone. 

identif ied in a use of claim 9. in a use as daimed in daim 15. 
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